D in a single sample has been reported by many investigators (3-6). They mainly used solventlsolvent extraction, followed by chromatography on Sephadex LH-20 columns and HPLC separations, and measured metabolites by binding assays. In some cases, they also used HPLC to determine 25(OH)D.
tridge extraction procedure has only been applied to 25(OH)D determination.
Here we report a method for extracting both 25(OH)D and 1,25(OH)2D from a single serum sample by using two cartridges: a reversed-phase C18 cartridge, which extracts both metabolites, and a normal-phase alkylamine (NH2) cartridge, which further purifies and separates 25(OH)D from 1,25(OH)2D. Then 25(OH)D is measured by HPLC and 1,25(OH)2D is further purified by HPLC and measured by a radioreceptor binding assay (1, 2).
Materials and Methods

Apparatus and Reagents
Ethanol was purchased from Pharmco Publicker Chemical Co., Linfleld, PA 19468; chloroform, hexane, and 2-propanol were "HPLC grade," from Fisher Scientific, Fairlawn, NJ 07410; methanol (OmniSolv) was from MCB Reagents, Gibbstown, NJ 08027; the scintillation fluid was "Aquassure" were from Amersham, Arlington Heights, IL 60005; 25(OH)D3 was a gift from Philips Diiphar B.U., Veenendaal, Holland; 25(OH)D2 was extracted from rat serum after administration of vitamin D2 (Sigma Chemical Co., St. Louis, MO 63178); and 1,25(OH)2D3 and 24,25(OH)2D3 were gifts from Dr. M. Uskokovic, Roche Laboratories, Division of Hoffmann/La Roche, Inc., Nutley, NJ 07110.
"Bond Elut" C18 and NH2 cartridges (500 mg/2.8 mL), and "Vac-Elut" vacuum chamber were from Analytichem International, Harbor City, CA 90710; "N-Evap" evaporator, Model 112, was from Organomation, Northborough, MA 01532; "Evapo-Mix" rotary evaporator was from Buchler Instruments, Fort Lee, NJ 07024. Other equipment included a liquid scintillation counter (Delta 300 Model 6891; Tracor, Elk Grove Village, IL 60007); an HPLC pump, Model LC/19521, and silica HPLC column (IBM Instruments, Danbury, CT 06810); ultraviolet detector (Model 441; Waters Associates, Milford, MA 01757); HPLC pump (Model 825; ISCO, Lincoln, NE 68504); "Ultrasphere-Si" HPLC column (Altex, Berkeley, CA 94710); HPLC injector (Model 7125; Rheodyne, Inc., Cotati, CA 94928); and a chart recorder (Model BD41; Kipp and Zonen, Delft, Holland).
Methods
Extraction and separation of 25(OH)D and 1,25(OH)2D.
To 3 mL of serum, add 50 L of [3H125(OH)D3 solution and 50 .tL of [3H}1,25(OH)2D3 solution (each in ethanol), containing about 4800 cpm, and 4 mL of HCI, 0.1 mol/L. Vortexmix and add 8.5 mL of methanol. Vortex-mix again. Apply the mixture to a C18 cartridge that has been prewashed with 2 mL of methanol followed by 2 mL of water. Rinse the container with 2 mL of water and apply the rinsings to the CLINICALCHEMISTRY,Vol.30, No. 1, 1984 57
cartridge. Wash the cartridge with 10 mL of methanol/H20 (70/30 by vol) and elute the cartridge with 10 mL of methanollH2O (90/10 by vol). Collect the eluate and evaporate it in an evaporator under reduced pressure (Evapomix). Dissolve the residue in 400 L of chloroform and add 2 mL of hexane to dilute the chloroform. Vortex-mix after each dilution. Apply the solution to an NH2 cartridge that has been washed with 2 mL of hexane. Rinse the container with 2 mL of isopropanollhexane (0.5/99.5 by vol) and apply the rinsings to the NH2 cartridge. Wash the cartridge with 4 mL of the isopropanollhexane mixture. Now elute the NH2 cartridge with 10 mL of isopropanol-/hexane (4/96) 
Determination of 25(OH)D
by HPLC. The determination of 25(OH)D by HPLC was similar to established procedures (1), except that we used a 5-pm particle-size silica column for better separation and sharper peaks than 10-pm-particle columns, and used a planimeter to measure areas of peaks. Briefly, the procedure was as follows: Dissolve the dry residue of the first eluate from the NH2 cartridge (eluted with isopropanol/hexane, 4/96 by vol) in 300 pL of dilute isopropanol in hexane (1.25/98.75 by vol). Use 25 pL of this to measure recovery of [3H125(OH)D3. Inject 250 pL into the IBM 5-pm-particle silica column (0.4 X 25 cm), elute with the dilute isopropanol in hexane at a flow rate of 2 mL/min, determine the absorbance at 254 nm, record the absorbance with the recorder set at 0.002 and 0.010 A full scale, and measure the peak area with a planimeter. 
Purification
Methods.
Then we eluted the cartridge stepwise with 2-mL portions of 70/30 methanol/H20 followed by 2-mL portions of 90/10 methanollH2O.
When [3H125(OH)D3 was added to the serum applied to the C18 cartridge, no radioactivity washed off with up to 10 mL of 70/30 methanol/H20; 98% of the radioactivity was eluted with 10 mL of 90/10 methano!/H2O. When [3H11,25(OH)2D3 was added to the serum, about 4% of the radioactivity was washed off with 10 mL of 70/30 methanol/1120 and 96% was eluted with 6 niL of 90/10 methanolIH2O ( Figure 2 ). Therefore, we decided to use 10 mL of 70/30 methanoL'H20 and 10 mL of 90/10 methanol/H20 to wash and to elute, respectively. The 90/10 methanol/H20 eluate was evaporated, and the residue was redissolved and applied to the NH2 cartridge for separation of 25(OH)D and 1,25(OH)2D. In an additional test, we found 
To duplicate human serum samples of 1, 2, and 3 mL, we added 50 L of [3H]25(OH)D3 (4887 cpm) and sufficient H20 to bring all the sample volumes to 3 niL, mixed this with 4 mL of 0.1 mol!L HC1 and 8.5 mL of methanol, applied to the C18 and then to the NH2 cartridges, eluted as described in Methods, and measured radioactivities in the eluate. The recovery of radioactivity from the duplicates of 1-, 2-, and 3-niL serum samples was 89%. We obtained similar results when [3H11,25(OH)2D3 was added, indicating that sample volumes of 1, 2, or 3 mL can be used.
Effect of chloroform
on NH2 cartridge adsorption.
Hexane alone did not always totally dissolve the dried residue of the C18 cartridge extraction. Thus we used 400 L of chloroform to dissolve the residue and then added 2 mL of hexane to dilute it before applying it to the NH2 cartridge. tion was less than 300 mJJL there was no effect, whereas all the radioactivity was eluted with 2 mL of 400 znL/L chloroform. Thus, there should be no effect of the 170 mL/L chloroform in the solution applied to the NH2 cartridge.
Validation of 25(OH)D determination.
A 3-mL water sample used as a blank was extracted by the same procedure with C18 and NH2 cartridges, injected into the IBM 5-mpacked silica column, and eluted with 1.25/98.75 (by vol) isopropanollhexane.
Essentially no absorbance at 254 nm was detected where 25(OH)D2 and 25(OH)D3 would be expected to elute (Figure 5A ), indicating that neither the C18 nor the NH2 cartridge leaked any ultraviolet-absorbing material that might interfere with the detection. When 3 mL of serum from rachitic chicks was extracted by the cartridges, injected into the HPLC column, and To each of nine aliquots of 3 mL of rachitic chick serum we added [3H]25(OH)D3 (8200 cpm); to each of six of these aliquots we also added 22 ng of 25(OH)D2 and 22.5 ng of 25(OH)D3. Each aliquot was extracted with both cartridges, the eluates were dried, and the residues were dissolved in 300 1zL of 1.25/98.75 (by vol) isopropanol/hexane.
We took 25 pL of this to measure radioactivity for the recovery after cartridge extraction, and 250 tL for HPLC for quantitative determination of 25(OH)D2 and 25(OH)D3.
The combined recovery after C18 and NH2 cartridge extractions as determined by use of [3H125(OH)D3 was 88% ( Table 1 ). The rachitic chick serum samples that received no addition of standard (first three aliquots in Table 1 ), had average backgrounds of 2.3 and 2.2 ng in the areas of 25(OH)D2 and 25(OH)D3, respectively, on HPLC but did not have a sharp absorption peak, so the exact retention time could not be measured.
The supplemented rachitic chick serum samples had average values of 18.6 ng and 18.4 ng for 25(OH)D2 and 25(OH)D3, respectively; the retention times were 11.5 and 15.8 mm, respectively.
The recoveries (mean ± SD) after HPLC were 88% ± 5% and 87% ± 7% for 25(OH)D2 and 25(OH)D3 (not significantly different between these two metabolites, p>O.3l). Thus, the method is valid for extraction and determination of both
25(OH)D2
and 25(OH)D3. in 300 pL of 7/93 isopropanol-/hexane; 25-.tL aliquots of this solution were counted for radioactivity, and recovery from dual-cartridge extractions was determined as 87% (SD 7%).
Purification of 1 ,25(OH)2D by HPLC
To the residues of dual-cartridge extracts of human serum samples, we added 30 pg each of [3H]24,25(OH)2D3 and [3H11,25(OH)2D3. After evaporating the residues and redissolving them in the HPLC mobile phase (isopropanol/hexane, 7/93 by vol), we injected the samples into an Altex 5-jim silica column, eluted them with the same mobile phase at a flow rate of 2 mL/min, and collected and counted the radioactivity of 1-mL fractions. The retention times of labeled 24,25(OH)2D3 and 1,25(OH)2D3 were 4.5 and 9 mm, respectively. The two metabolites could be separated cleanly by HPLC (Figure 6 ). The peak containing 1,25(OH)2D3 was collected, dried, and redissolved for the 1,25(OH)2D binding assay.
Routinely, the retention times of 24,25(OH)2D and 1,25(OH)2D should be determined daily or whenever newly prepared mobile phase is used.
Radioreceptor Assay
Analytical recovery of 1,25(OH)2D3.
To ten 3-mL aliquots of rachitic chick serum we added 100 pg of 1,25(OH)2D3 and 1400 cpm of 13H]1,25(OH)2D3 per milliliter of serum. We extracted these samples with C18 and NH2 cartridges, 
HPLC results
Allquot
Studies withHumans
Reference interval.
Thirty-four normal subjects of both sexes had blood samples drawn during mid-April for deter- (Table 2 ). 
Sample dilution
Discussion
In this paper, we have detailed our procedure for evaluating the conditions for washing of the cartridges and elution to offer a general guideline; readers should be able to develop their own procedures to work with their particular brand, or even lot, of cartridges.
We found some differences between different brands of commercially prepacked C18
cartridges.
For example, in our study, 10 mL of 70/30 methanollwater wash eluted hardly any 1,25(OH)2D from the C18 cartridge; however, in another study (5), 69/31 methanollwater eluted 1,25(OH)2D. According to the manufacturer, the C18 cartridge we used is 500 mg in weight and contains 18-20% octadecylsilane, compared with 300 mg and 7-10% coating in the others. This does not indicate which brand is better; it just indicates that one should test and develop the elution conditions before using any brand, or even new lot, of prepacked cartridge.
Before we chose to use normal-phase alkylamine (NH2) cartridges to separate 25(OH)D and 1,25(OH)2D, we had tested other normal-phase cartridges such as silica, alkylnitrile, and alkyl glycol. They all could separate these two metabolites.
However, when it was used to extract human 46 serum, only the NH2 cartridge retained a green-yellowish ring on the top of the cartridge after elution, and resulted in 
